radiation in all directions from a single site of earliest activation and (b) range of activation times less than the tachycardia cycle length.
Ablation
Radiofrequency (RF) applications were delivered at the site of earliest bipolar activation (maximal (max) temperature: 55°C, max. duration: 60 s, max. power: 40 W). The location of RF application was documented by fluoroscopy and was stored for further evaluation, together with the intracardiac electrograms, on an electrophysiological recording system (Quinton, Pulmocard). When an additional mapping system (CARTO or ENSITE) was used, ablation tags were marked on the 3-D reconstruction for each RF application. Catheter ablation was judged as successful if the tachycardia was successfully terminated and was not inducible by programmed stimulation and/or isoproterenol infusion 30 min after the final RF application.
P-Wave Analysis
Surface 12-lead ECG recordings were obtained from all patients. When necessary, the P wave was unmasked from ventricular repolarization during the tachycardia by ventricular extrastimuli. P waves were classified into 4 types: (1) positive: P waves showing deflections above the isoelectric line; (2) negative: P waves inscribed below the isoelectric line; (3) biphasic: P waves showing both positive and negative components; and (4) isoelectric: flat P waves.
Follow-up
Forty-eight patients with FLAT ablation or their referring physicians were followed up by telephone.
Statistical Analysis
Continuous variables are expressed as mean ± standard deviation (SD). An unpaired Student's t-test was performed to calculated differences between sites of origin. A p-value <0.05 was considered significant.
Results

Topographic Distribution of FLATs
The topographic distribution of the FLATs is shown in Figs 1 and 2. In 46% (24/52) of FLATs, the site of origin (SO) was near the ostium of a PV. Interestingly, in 15 (62.5%) of the FLATs originating from PVs the tachycardia was triggered from the right superior PV ostium. In the remaining patients with FLATs from PVs the SO was located in the left superior PV (5 ATs), right inferior PV (2 ATs) or left inferior PV (2 ATs).
In 36.5% (19/52) of FLATs, the SO was near the mitral annulus (MA) [septal MA (9 ATs), superior MA (6 ATs), lateral MA (3 ATs), inferior MA, (1 AT)]. In the remaining patients, the SO was located in the LA appendage (4 ATs), left septum (2 ATs), LA roof (1 AT), or inside the coronary sinus (2 ATs).
Electrophysiological and Ablation Data
We evaluated the earliest local activation time of successful ablation sites and the AT cycle lengths (ATCL) from the PVs and MA. The earliest activation time was defined as the interval from the earliest bipolar electrogram of the mapping catheter to the onset of the P wave during tachy- cardia. The earliest activation time was 56.2±21 ms for PV ATs and 42.7±17 ms for MA ATs (no significant difference, p=0.115). The mean cycle length of FLATs from the PVs was significantly shorter than that from the MA (313.8±58.9 ms vs 366.8±57.2 ms, p=0.04) ( Table 1) . A mean total number of 9.2±8.6 RF applications was delivered for successful ablation. The average procedure time was 287.3±135.4 min and mean fluoroscopy time was 27.9±19.4 min.
P-Wave Morphology
The P-wave morphology of the FLATs is presented in Table 2 . The P wave in ECG lead V1 was positive in all patients with FLATs originating near the ostia of the PVs (Table 2 ; Figs 3,4). In FLATs originating from left PVs, a negative P wave was also always observed in lead aVL (Fig 4) . Using the criterion that a negative P wave in V1 in patients with FLATs indicates a PV origin resulted in a sensitivity of 100%, specificity of 78.6%, positive predictive accuracy of 80% and negative predictive accuracy of 100%. The sensitivity and specificity of a negative P wave in aVL in patients with FLATs originating from a PV ostia to identify left side PV were 100% and 100%, respectively.
Interestingly, the P wave in V1 showed a biphasic morphology (negative followed by positive deflection) in 89% of FLATs originating from the septal MA, 83.3% from the superior MA, and in 75% of FLATs from the LA appendage (Fig 5A,B) . A simple algorithm to specify the SO of FLATs is shown in Fig 6. 
Follow-up Data
There were no recurrences during a mean follow-up of 33±14 months and 41 of 48 patients are free of antiarrhythmic drugs.
There was no PV stenosis in the patients who underwent catheter ablation for FLATs originating near a PV ostium.
Discussion
There are several published studies of focal AT. [1] [2] [3] [4] [5] [6] [7] [8] Kistler et al studied 7 patients with focal AT originating from the MA 4 and 27 patients with 28 PV ATs 7 and performed detailed qualitative and quantitative P-wave analysis. However, there are limited data about the topographic distribution of FLATs in large series of patients. We present detailed topographic distribution data of FLATs in 52 patients, report a statistically significant difference of ATCL between a MA origin and PVs, and provide a simple P-wave morphology algorithm to specify the SO of FLATs.
Topographic Distribution of FLATs
Focal ATs may arise from any atrial myocardial region, but predominantly originate from confined areas, rendering them accessible to direct RF ablation. 1, 4, 5 In our study 83% (Fig 2) of FLATs were triggered from the PVs and the MA (Figs 1,2) , which shows that the atrial myocardium of the PVs and MA are most arrhythmogenic regions for FLATs. In 46% (24/52) of FLATs, the SO was near the ostium of a PV and in 62.5% (15/24) of the FLATs originating from the PVs, the tachycardia was triggered from the right superior PV ostium. Although Kistler et al also reported in an elegant study that 78% of PV ATs originated from superior PVs, 7 the exact reason why the most frequent PV origin is the RSPV is unclear.
In 36.5% (19/52) of the present FLATs, the SO was near the MA. Kistler et al also reported that tachycardias originating from the MA have a propensity to be localized to the superior aspect of this structure, in proximity to the mitralaortic junction. 4 In our study, we observed that the focus was near this region in only 6 (31.6%) of 19 MA ATs (Fig 2) . Our results show that septal, lateral and inferior FLAT foci around the MA are also possible. In the remaining patients, the SO was located in the LA appendage (7.7%), the left septum (3.8%), the LA roof (1.9%) or inside the coronary sinus (3.8%) (Fig 2) . These particular locations should be considered as possible FLAT foci if mapping in the PVs and MA is negative. Fig 5. 12-lead ECG showing P-wave morphology during atrial tachycardia. (A) Tachycardia originating from septal mitral annulus. The P wave is isoelectric in lead I, positive in leads II, III, aVF, negative in lead aVR and aVL, and biphasic with an initial negative deflection followed by a positive deflection in V1 (arrow). (B) Tachycardia originating from left atrial appendage. The P wave was unmasked from ventricular repolarization during the tachycardia by ventricular extrastimuli. The P wave is positive in leads I, II, III, aVF, and V3-6, biphasic with an initial negative deflection followed by a positive deflection in V1 (as arrow indicates), and V2 and negative in leads aVR and aVL. 
Electrophysiological Data
In the present study, the mean CL of FLATs from the PVs was significantly shorter than that from the MA (313.8±58.9 ms vs 366.8±57.2 ms, p=0.04). Therefore, the ATCL can be used as a marker of the SO of FLATs.
P-Wave Morphology
In our study, the P wave in V1 showed biphasic morphology (negative followed by positive spike) in 87% of 15 FLATs originating from the septal and superior MA and in 75% of 4 FLATs originating from the LA appendage. The initial deflection may be caused by the relatively anterior position of both the MA and the appendage compared with that of the PVs, because the downward deflection represents initial forces directed posteriorly and away from V1. 4 Tang et al analyzed P-wave morphology in 31 patients with FLATs and found that use of the criterion of a positive P wave in V1 for predicting LA foci was associated with a sensitivity of 92.9% and specificity of 88.2%. 6 Therefore, the RA should be mapped first when the P wave in V1 is not positive. When detailed mapping of the RA in patients with a non-positive P wave in V1 fails to locate a tachycardia focus, then the septal and superior MA sites should be considered as potential locations.
The P waves in V1 were positive in all FLATs originating near the PV ostia, whereas in FLATs originating from left PVs, a negative P wave was also always observed in aVL. Using the criterion that a positive P wave in V1 in patients with FLATs indicates a PV origin resulted in a sensitivity of 100%, specificity of 78.6%, positive predictive accuracy of 80% and negative predictive accuracy of 100%. Therefore, when the P wave in V1 is positive in patients with FLATs, detailed mapping around the PV ostia should be performed. The sensitivity and specificity of a negative P wave in aVL in patients with FLATs originating from PV ostia to identify left side PVs were 100% and 100%, respectively, and this finding may differentiate left PV FLATs from right PV FLATs (Fig 6) . A possible explanation for why a negative P wave was always observed in lead aVL in FLATs from left PVs is that the vector of atrial activation is directed towards the right side.
Study Limitations
We did not attempt quantitative P wave analysis because our purpose was to define a practical approach to help physicians detect the SO of FLATs using only qualitative P wave analysis.
Conclusion
FLATs originate in certain anatomical structures, and specific ECG criteria can be used to differentiate the SO. In the majority of patients, FLATs originate from the PVs and MA. Knowledge of the topographic distribution, P-wave morphology and ATCL facilitates successful ablation of FLATs.
